Summary. The involvement of the central nervous system (CNS) in lepromatous leprosy (LL) patients was investigated; 33 patients were examined clinically in detail and upper motor neuron involvement was observed in eight and lower motor neuron in three of these patients. Anti-Mycobacterium Zeprae antibodies could be detected in the CSF by PGL-1 enzyme-linked immunosorbent assay (ELISA) and monoclonal antibody (MAb) based competitive assays against defined epitopes on the 35-kDa protein and 30-40-kDa polysaccharide (lipoarabinomannan) antigens with MAbs ML04 and ML34, respectively. Antibodies against PGL-1 and 35-kDa protein were observed in more subjects than antibodies against the 30-40-kDa antigen. Some correlation was observed between the upper motor neuron signs and antibody positivity for 35-kDa and PGL-1 antigens in the CSF of these patients.
Introduction
Leprosy is a chronic infectious disease caused by the obligate intracellular mycobacterium, Mycobacterium Zeprae. This hitherto uncultivated mycobacterium has a special affinity for nerve ce1ls.l Although peripheral nerves are primarily infected,2 only a few studies have examined the central nervous system (CNS) in leprosy.3 Blood and tissues have been shown to contain a very high load of the pathogen.* High levels of antibodies have also been detected in the serum of leprosy patients by various immunological techn i q u e~.~ In normal conditions, passing of such antibodies from blood into the cerebrospinal fluid (CSF) is generally prevented by the blood-brain barrier (BBB).' However, immunoglobulins and antibodies are detected in the CSF of patients with certain bacterial infections (tuberculous meningitis-TBM-,' syphilis8) and viral infections (AIDS,' mumps1'). The presence of M . leprae antigens was demonstrated recently in the CSF of lepromatous leprosy (LL) patients." In another s t~d y ,~ anti-M. Zeprae antibodies to whole M . leprae were detected in c. 55% of LL cases. However, the antigenic specificities of these antibodies that might be relevant in understanding the possible CNS involvement in leprosy were not established. In the present study, the CSF samples from leprosy patients were analysed for the presence of antibodies against PGL-1 and against M . Zepraespecific and mycobacterial common antigenic epitopes by monoclonal antibody (MAb)-based competitive assays.
Materials and methods

Subjects
Thirty-four patients who were active cases of LL admitted to the Central JALMA Institute of Leprosy, Agra, were selected for the study. Clinical classification of the disease was done by the criteria of Ridley and Jop1ing.l' All the cases were male and were aged 25-55 years. All were undergoing treatment for leprosy and had had the disease for 2-14 years with a mean duration of 4.7 years. The higher mental functions of all these patients were within normal limits. After a detailed clinical examination of the patients, CSF samples were obtained aseptically by lumbar puncture. Blood samples for serum were collected from the antecubital vein of these patients. CSF samples from 14 subjects with TBM were provided by Dr A. 7 Reflexes, exaggerated deep reflexes ; 1 reflexes, hyporeflexia.
Chandramukhi of the National Institute of Mental Health and Neurosciences, Bangalore. CSF samples from I0 subjects with septic meningitis other than TBM were provided by Dr B. B. Maheswari of Sarojini Naidu Medical College, Agra; these served as controls in the study. All the samples were stored at -70°C.
M . leprae unn'yeri
PGL-1 and cell-free extract of armadillo-derived M . Ieprae were obtained from Dr R. J. W. Rees, IMMLEP (WHO) Bank, National Institute for Medical Research. Mill Hill, London.
M A bs
The MAbs ML04 and ML34, which bind to epitopes on 35-kDa protein and 304O-kDa poly- 
PGL-1 ELISA
Antibodies against PGL-1 were detected by indirect ELISA with peroxidase-conjugated anti-human IgG and IgM with 0-phenylene diamine as sub~trate.l'~~* The CSF samples were used neat, whereas serum samples were used at a dilution of 1 in 300. Cut-off points for serum samples and for CSF samples were determined on the basis of mean of OD of controls + 2 standard deviations.
Results
Clinical Jindings
Thirty-three patients were examined clinically in detail for CNS involvement. The higher mental functions were normal in all the patients and there was no inco-ordination of movement in any of them. The first and the eighth cranial nerves were involved in one patient. One patient had an extensor plantar response on one foot. In seven patients, the deep tendon reflexes at the knee and ankle were exaggerated, with mild clonus in two. In two patients there was a diminished response of the knee and ankle reflexes. None of these patients was a habitual alcoholic and none of them was suffering from generalised deficiency diseases. In the other patients, CNS function was within normal limits. The details of the CSF examination was given in table I.
Antibodies against 35-kDa and 30-40-kDa components of M . leprae
Fifteen (44%) of the 34 subjects with leprosy showed antibody positivity in the CSF against the 35-kDa component of M . leprae ( fig. 1) . Antibodies against the 30-40-kDa component were detected in the CSF of three (9 %) of 34 patients. When CSF antibody levels were compared with the corresponding serum levels, all the sera had higher levels of antibodies (table   I) 
Anti-PGL-1 an tibodies
Twelve (35%) of 34 CSF samples from leprosy patients were positive for IgG antibodies against PGL-1 at a cut-off point of 0-32 OD ( fig. 2a) , whereas nine (26 YO) of 34 were positive for IgM at a cut-off point of 0-07 OD (fig. 2b) . None of the CSF samples from the controls was positive for either IgG or IgM. However CSF samples from six (42%) and eight'(57%) of 14 TBM cases were positive for IgG and IgM PGL-1 antibodies, respectively. The majority of serum samples from LL patients (65 % for IgG and 100 YO for IgM) had higher levels of antibodies than the corresponding CSF samples. While 22 serum samples were positive for IgG and all samples were positive for IgM, only two CSF samples were positive for IgG and 10 for IgM (table 11) .
Discussion
In experimental animals M . leprae has been shown to cross the BBB" and the presence of M . leprae antigens in the CSF of leprosy patients has been reported previously." In the present study, antibody levels in serum and CSF against three well characterised M . Zeprae antigens were studied.
Eleven patients had clinical signs and symptoms of involvement of the CNS. Of these, one patient had involvement of the first and eighth cranial nerves and two patients had diminished deep tendon reflexes. These could be explained by the involvement of end organs or lower motor neurones, or both. Eight patients had upper motor neurone involvement, of whom one patient had extensor plantar response on the left side and seven others had exaggerated deep tendon reflexes of the knee and ankle joints. In two of these patients, there was also a mild clonus of the ankle joint. None of these patients had inco-ordination of movement or any other signs of extrapyramidal involvement (table I) (table 111 ). The present study shows that of the antibodies tested, ML04 and IgM PGL-1 had some statistical correlation with the presence of upper motor neurone signs. The finding of anti-35-kDa and IgG/IgM PGL-1 positivity in TBM cases might be due to the presence of concomitant infection with both tuberculosis and leprosy in these cases. A high level of IgM PGL-1 activity appears to confirm that some of these patients were also suffering from leprosy. As these patients were not kept under surveillance, no firm conclusion can be made.
In the present study, the levels of antibodies in CSF do not seem to be due to a breach in the BBB, because in that case the antibody levels in both CSF and serum would be similar. Moreover, in eight of the LL cases the IgG PGL-1 response was higher in CSF than the corresponding level in serum. These findings suggest that the antibodies in CSF are due to local production of antibody by the lymphocytes in CSF. However, further confirmation by culturing the CSF cells in vitro and demonstrating the production of such antibodies in situ, as in other Although our earlier study established the presence is required. +Three patients with exactly 50% binding were not included in either group. $Detailed CNS examination of one IgM positive case was not possible and was excluded from the analysis. ,Two of these patients had diminished deep reflexes.
present in nine patients and IgG PGL-1 antibody was in 12 patients. In the majority of the serum samples, levels of antibodies were lower than those in earlier of antibodies against whole M . Ieprae in the CSF of 55% of LL cases by the FLA-ABS test,3 the present study establishes the presence of antibodies against two M . leprae-specific antigens and a common mycobacterial polysaccharide antigen in the CSF of LL patients. These findings also point to an association between the presence of these antibodies and upper
